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TOM TAT

Co s& ha tang nganh xay dung dong vai trd quan trong trong cudc séng va su phét trién clia dat
nudc. Tuy nhién, cong trinh xay dung dudi tac dong ctia nhiéu yéu t6 khac nhau trong qua trinh
van hanh bi xuéng cap sau thai gian dai st dung. D& bdo ddm sy van hanh an toan cho cac cong
trinh xay dung, linh vuc theo déi va chan doan suc khde cong trinh (Structural Health Monitoring:
SHM) da ra d&i va phat trién. Trong nhiing nam gan day, su bung né ctia tri tué nhan tao dé va dang
déng gop vao moi mat clia doi song xa hoi; trong dé cé Iinh viuc SHM. Trong linh vuc xay dung, két
cdu bé tong cot thép ting sudt trude (BTCT UST) da va dang dugc dp dung rong rai cho cac cong
trinh xay dung (cau, nha cao tang, ...). Cac hu hong thusng gap trén két cdu BTCT UST déu dan
dén t8n hao luc Ung suat trudc trong két cau. Bai bao nay dé xuat mot phuong phap du doén luc
Ung sudt trudc trong dam BTCT UST dua trén tan s6 dao dong va thuat toan hoc may. Trudc tién,
tan s6 dao dong clia mot dam BTCT UST dugc phan tich cho cac céap luc Ung suét trudce khac nhau
theo phuong phép phan t&r hiru han (PTHH). D6 tin cay ctia mé hinh PTHH dugc kiém chiing thong
qua so sanh vai gid tri tan s6 dao dong thuc nghiém. Tiép dén, thuat toan hoc may hoi quy da thiic
dugc xay dung dé xac dinh luc Uing sudt trudc trong dam tur tan sé dao déng. Phuong phéap dé
xuét trong bai béo nay cé dé chinh xac cao khi st dung dé du doén luc (ng sudt trudc cho dam.
Hon ntta, nghién ctu nay cling thuc hién khao séat va danh gid hiéu qua khi st dung két hop tan s6
dao déng ctia nhiéu dang dao déng khac nhau.

Tu khoa: luc Ung sudt trudc, dam bé tong cot thép ing sudat trudc, tan sé dao déng, hoc may,

thuat toan hoi quy da thic

GIGI THIEU

Theo déi va chén doan stic khoe két ciu cong trinh
(Structural health monitoring: SHM) c6 vai trd quan
trong trong linh vuc ky thuét xay dung. SHM cung
cdp céc gidi phédp nhdm phat hién sém cac hu hong,
xudng cip va nhiing bat thudng ctia céng trinh trong
qua trinh khai thac va stt dung. Qua dé, sy an toan ctia
cong trinh va con ngudi dugc bao ddm trong qué trinh
khai théc, t6i uu dugc qua trinh bao tri, ciing nhu va
kéo dai tudi tho cho cong trinh!. Trong nganh xay
dung, két cdu bé tdng c6t thép ting sudt trude (BTCT
UST) da va dang dugc 4p dung rong rii cho céc cong
trinh nhu cu, nha cao ting, ... Trong d6, ddm BTCT
UST 1a mot trong nhiing cdu kién chiu lyc chinh, dugc
st dung rét rong rai. Kha nang lam viéc ctia ddm
BTCT UST phu thudc chti yéu vao luc ting sudt triGe
(UST) trong ddm. Do vay, tinh trang lyc UST trong
dam 1a mot yéu t6 quan trong cdn dugc giam sat va
theo doi cdn thian dé phat hién kip thoi cac yéu t6 bat
thudng. Qua dd, cac bat thudng xudt hién trén két cdu
dam BTCT UST dugc phét hién va xt ly kip thdi; bao
dam cong trinh v4n hanh an toan, tin cay, han ché t6i

thiéu cdc su c6 va thiét hai c6 thé xay ra.

Céc phuong phdp SHM cho két cdu ddm BTCT UST
da dugc mot s6 tac gid thuc hién nghién ctiu va thu
dugc cac két qua quan trong. Nim 2004, Kim va
cong su da gidi thiéu mot phuong phap xac dinh luc
UST trong ddm BTCT UST c6 cép thing dya trén tin
s6 dao dong?. goai ra, tic gia ciing da dé xudt mot
phuong phap du doén luc UST cho ddm st dung giai
thuat nghich ddo phuong phap nay xac dinh lyc UST
dya trén sy bién déi ctia tdn s6 dao dong so véi cac
trang thdi tham chiéu (khi khong c6 lyc UST va khi
lyc UST 16n nhat). Két qua dy dodn tii phuong phap
nay c6 do sai léch tit 1% dén 75%. Nam 2010, Kim va
cong su da dé xudt mot quy trinh chdn dodn gém ba
budc (canh bdo hu hong téng thé, thuc hién phéan loai
hu héng va xac dinh muc d6 ctia hu hong) cho dim
BTCT UST sti dung d6ng thdi phuong phép dao dong
va phuong phap tré khang 3. Mitc 46 mét mat luc UST
dugc chidn doan khé chinh xdc (sai léch trung binh
0% dén 14%). Tuy nhién, két qua dy doan muic d6 hu
hong do gia ting khéi lugng c6 do chinh xac thép (sai
léch tli 48.2% dén 53.7%). Nam 2012, H6 va cong su

Trich dan bai bao nay: Hung T M, Tién T Q, Quan N T M, Huing B N T, Khanh L H, Hudn C H, Khai N C, Hoang
V K, Tudn H M, Duy H D. Du doan luc ting suat truéc trong dam bé tong cét thép (ing suat trudc su
dung tan sé dao déng va mé hinh hoc may. Sci. Tech. Dev. J. - Eng. Tech. 2024; 7(4):2392-2401.
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da phat trién mot quy trinh thiét 1ap luc UST trong
ddm BTCT UST c6 cap dang cong dua trén tdn s§ dao
dong va phuong phap nhan dang két ciu*. huong
phép nay cho két qua x4c dinh lyc UST c¢6 muc do
sai léch tlt 0.1% dén 54.6%. Nam 2019, Jaber va Glisic
da thyc hién bai dinh gid téng quan vé cic phuong
phép xdc dinh luc UST dugc dé xudt®. ai dinh gid
nay chi ra ném nhém phuong phép chinh dugc ding
chdn doan lyc UST, gém c6 nhém phuong phép st
dung cac dic trung dao dong, nhém phuong phap st
dung tré khiang, nhém phuong phép st dung séng
am, nhom phuong phédp st dung tii tinh va nhom
phuong phép st dung bién dang. Tuy nhién, chi ¢
nhoém phuong phép st dung bién dang dang dugc ting
dung rong rai trén coéng trinh thuc t€ mot s6 phuong
phép khac dang dugc tiép tuc nghién ctiu va hita hen
sé b6 sung va khic phuc nhiing thiéu sét cho phuong
phép stt dung bién dang.

Nhu vy, viéc du doan chinh xac va theo d6i gia tri luc
UST 1a hét stic cin thiét d€ bdo ddm sy an toan trong
qué trinh st dung cho két ciu ddm BTCT UST. Trudc
nhu ciu cép thiét d6, nghién ctiu nay dugc tién hanh
nhdm dé xudt phuong phép khong pha huy (Non-
Destructive Testing) d€ du dodn lyc UST trong dim
BTCT UST dua trén tin s6 dao dong két hop thuat
toan hoc may hoi quy da thtic. Phuong phép nay dua
ra du doan luc UST cin cd vao su bién déi tan s6 dao
dong ctia ddm BTCT UST. M6 hinh PTHH ctia mot
ddm BTCT UST dugc xay dung bing phdn mém AN-
SYS va d¢ tin cdy dugc kiém chiing v6i thuc nghiém.
Tén s6 dao dong ctia ddm dugc phén tich ting véi cac
c4p lyc UST khac nhau. Tit d6, mét mé hinh hoc may
hoi quy da thic dugc thiét 1ap va st dung d€ du dodn
luc UST trong dim. D liéu ddu vao clia mé hinh
hoc mady la cac gid tri tan s6 dao dong tuong ting véi
cic trang thai ctia ddm. Thém vao do, nghién ctiu nay
ciing xem xét va danh gia tinh hiéu qua khi st dung
két hop dit liéu tin s6 dao dong trong viéc du dodn
lyc UST.

PHUGNG PHAP DU POAN LUC UNG

SUAT TRUGC DUA TREN TAN SO
DAO PONG VA MO HINH HOC MAY

Phuong phap xac dinh tan sé dao déng ctia
dam BTCT UST

Ném 2004, Kim va cong su da kién nghi mot cach xac
dinh tan s6 dao ddng cho ddim BTCT UST2. Trong
dé, do cting chdng uén tuong duong ctia ddm BTCT
dugc tinh todn theo cic cong thic nhu sau:

nmw

L 2
ErIr:ECIC+( r) N (1)

N
L,:L(I—ACEC> (2)

trong do, E, I 1a 6 cting chéng uén tuong duong cta
tiét dién dam BTCT UST; E. 1a m6 dun dan héi ctia
bé tong; I 1a mdé men quan tinh cha tiét dién dam bé
tong; L, 1a chiéu dai nhip d4m sau khi cang cap; A, 1a
dién tich cta tiét dién ddm bé tong; N 1a lyc UST.
Tin s6 dao dong ctia ddm BTCT UST dugc xdc dinh
theo d¢ ciling tuong duong theo cong thic nhu sau:

1 (nx T L\’
_ b fnmy J 1 Lr 3
fo=52 (Lr) - EL.IC+(M) N 3

v6in 1a dang dao dong thi n (n=1,2,...,n); m, la khoi
lugng trén don vi chiéu dai ctia ddm.

Mé hinh hoc may st dung thuat toan haoi
quy da thuc

Hoc mdy (Machine Learning: ML) la mét linh vuc
nghién ctiu cta tri tué¢ nhin tao (Artificial Intelli-
gence: Al). Linh vuc nay tép trung vao viéc phat trién
cac mo hinh va thuét todn c6 kha nang hoc tép ti dit
liéu d€ dua ra cac du dodn, hanh dong hoidc quyét dinh
thong qua mot mo hinh x4p xi méi quan hé tuong
quan gitia cac dii liéu ma khong can 14p trinh cho tling
tac vu cu thé. Ky thuit hoc mdy dugc chia thanh ba
nhém chinh goém: hoc khong giam sat (Unsupervised
Learning), hoc ¢6 giam sat (Supervised Learning) va
hoc ting cudng (Reinforcement Learning). Mot mo
hinh hoc mdy dugc moé ta qua cic tham s6 cia mo
hinh; viéc x4y dung moét thudt toan hoc may tuong
tng v6i di tim cdc tham s6 sao cho phuong phéap ddnh
gid dat dugc két qua tot nhat. Véi cac bai toan hoi quy,
mod hinh dugc xem la t6t khi sai 1éch gitia gia tri thuc
t€ va gid tri dy dodn 1a nho nhdt. M6i quan hé gita
phép dénh gid d6i véi cdc tham s6 0 dugc thé hién qua
ham mit mat L(6). D€ phép dinh gid dat két qua t6t
thi cdn phai cyc tiéu héa ham mét mat, argminL(6)

0

la gid tri 0% d€ L(0) dat gid tri nho nhit:

0 = arg;ninL(O) (4)
Mot s6 thuat todn ML da dugc phét trién nhu sau:
thuat toan hoi quy tuyén tinh, thuét toan hoi quy da
thiic, thuit toan hoi quy da thtc phan doan, thuat
toan hoc sau, ... Nghién ctiu nay st dung thuat todn
hoi quy da thiic vi tinh don gidn nhung van bao dam
do chinh xac. Thuét toan hoi quy da thiic thuoc nhom
thuét todn hoc c6 gidm sat, thudng dugc dung dé xay
dung mé hinh xdp xi cho céc tép dii liéu c6 quan hé
phi tuyén. Mo hinh dugc thiét lap bang cich xac dinh
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vecto ddc trung mdéi dya trén trén vecto déc trung ban
dau. Gia tri ctia hAm mdt mat 13 tOng sai s6 gitia gid
tri thuc cta tat ca cac diém dit liéu dugc st dung lam
kinh nghiém thiét lap mo6 hinh khi so véi gia tri dy
dodn (Hinh 1). Him mat mat dugc xdc dinh nhu sau:

1 & 7 \?

L0 =5 X (=) ©)
trong d6, L(w) 1a ham mdt mat; N la s6 diém di liéu
duing d€ thiét 14p mo hinh; x; 1a vecto thong s6 dau
vao cta diém di liéu thi i; y; 13 thong s6 dau ra cta

diém dit liéu thi i; w 14 vecto trong s6.

20

o  Gia tri huan luyén L]

—— Gié tri dy dodn

Hinh 1: Minh hoa thuat toan hoi quy da thuic

Panh gia hiéu suat du doan ciia mé hinh
Hiéu sudt dy dodn cia m6 hinh héi quy dugc danh
gid thong qua chi s6°:

+ Mean Square Error (MSE) la phuong sai ctia cac sai
s6 cho tiing mau dénh gia. Hiéu suit dy dodn ctia mo
hinh dugc xem la t6t khi gia tri MSE thép.

MSE = )2

S |-
1=

[yi — i (8)

n

trong d6: n la s6 diém dit lidu; y; 1a gid tri thuc t&y; 1a
gid tri dy doan.
+ Root Mean Square Error (RMSE) 1a d¢ léch chuin
ctia cdc sai s6 cho tiing mau danh gia, RMSE c6 cung
don vi do vé6i nhan di liéu; do d6, RMSE cho cam
nhén t6t hon MSE vé d6 16n nho cta két qua so véi
nhan di liéu; tuong tu véi do do MSE, gia tri RMSE
nho cho thiy mo hinh c6 hiéu sudt dy doan tét.

RMSE = VMSE )

Phuong phap kiém thi Leave-One-Out
Cross-Validation (LOOCV)

Khi tap dit liéu st dung d€ thiét 14p mo hinh c6 s6
lugng han ché, viéc danh gia chéo (Cross-validation)

sé giup giai quyét cac vin d€ vé phén chia di liéu cho
qua trinh dao tao va kiém thti. Véi phuong phép nay,
mo hinh dugc huén luyén s6 lugng dii liéu dao tao 16n
(Training set) va danh gia vé6i s6 lugng mau kiém thu
nho nhung thyc hién trén nhiéu tip kiém tht khac
nhau (Validation set); ti d6 bao dam du s6 lugng di
liéu st dung cho qua trinh dao tao va hién tugng qua
khép (Overfitting) do thi€u dit liéu kiém thi dugc han
ché”.

Trong phuong phap LOOCYV, tép dii liéu ban d4u (tap
CV) dugc chia thanh k tip con cé kich thuéc nhu
nhau dugc goi la cac “Fold”. S8 tip con nay bang dung
6 lugng phan td trong tap di liéu ban d4u. Tai mbi
lan 1dp, mot trong s6 cac tap con sé dugc st dung lam
tap kiém tht va mo hinh hoc may sé dugc thiét lap véi
k-1 tap con con lai. Trinh ty nay dugc lap lai cho dén
khi tit ca cac tdp con déu dugc st dung dé kiém thd.
Két qua danh gid mo6 hinh dugc tinh bing gid tri trung
binh ctia két qua danh gia tat ca cdclan ldp. Cubi ciing,
tat ca dii liéu ctia tap CV sé dugc stt dung dé x4y dung
mot m6 hinh hoan chinh (mé hinh nay sé dung cho
viéc dy doan két qua). Minh hoa cho phuong phap
LOOCV cho tép di liéu c6 k phan ti dugc trinh bay
tai Bang 1.

KET QUA VA THAO LUAN

Mé phéng sé6 dam bé téng cot thép ting suat
trudc

Nghién cttu ndy mé phong mot ddm BTCT UST c6
tiét dién chii T, chiéu dai nhip 6 m, chiéu cao tiét dién
600 mm, chiéu rong canh trén 710 mm, chiéu rong
bung ddm 90 mm, viing bé tri cdp UST c6 kich thudc
140x 180 mm. Bé tong lam ddm c6 cudng do chiu nén
23,6 MPa, mo dun dan héi 20.000 MPa; cép UST trong
ddm st dung mot tao cap thing loai 7 s¢i, duong kinh
danh nghia 15,2 mm, cdp bén Grade 250, dit cach mat
dudi ddm 70 mm; c6t thép (doc va dai) cia dam su
dung thép Grade 60 dudng kinh 10 mm >4, Chi tiét
cu thé vé céc thong s6 hinh hoc va vét liéu ctia dam
dugc thé hién tai Bang 2 va Hinh 2.

Két cfu ddm BTCT UST dugc m6 hinh hda béng phén
mém ANSYS. M6 hinh st dung hai loai phan ti chinh
la SOLID65 va LINK180. Phan ti khéi SOLID65
dugc dung d€ mo phong bé tong; phan ti LINK180
dugc dung dé mod phong cét thép va cdp UST. Céc
phén tt ctia m6 hinh dugc lién két tai cac nut nhim
dam béo su lam viéc dong thoi gitia bé tong, cot thép
va cép du tng luc. M6 hinh PTHH ¢6 luéi phén tu
dugc chia véi kich thudce 16n nhat la 50 mm; s6 lugng
phén ti SOLID65 va LINK180 lan lugt 1a 15.616 va
2.788 phan ti. M6 hinh PTHH ctia ddm BTCT UST
dugc thé hién tai Hinh 3. Luc UST trong ddm dugc
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Bang 1: Minh hoa phuong phap LOOCV

Lan lap Fold 1 Fold 2 Fold i Fold k-1 Fold k Hiéu suat
1 KT HL HL HL HL P1
2 HL KT HL HL HL P2
i HL HL KT HL HL Pi
k-1 HL HL HL KT HL Pk-1
k HL HL HL HL KT Pk
Mo hinh HL HL HL HL HL Y Pi/k
hoan chinh
Ghi chii: KT: kiém thit, HL: hudn luyén.
Bang 2: Dac trung vat liéu dam BTCT UST
Dic trung vat liéu Don vi Bé tong Cét thép Cép ting sudt trudc
Mo dun dan hoéi MPa 20.000 200.000 195.000
Khéi lugng riéng kg/m? 2.400 7.850 7.850
Hé s6 poisson - 0,2 0,3 0,3
Cudng d6 chiu nén MPa 23,6 - -
Cuong do chiu kéo MPa 3,01 - -
Gidi han chay MPa - 420 1.460
Gié6i han bén MPa - 620 1.725
710
v ‘20? -~ 6@1000=6000 - 200 Gia toc ké—\. 4D10
Gia toc kE\ E/g
n n n n n n :ﬁé
‘ /A Cép dy tng lyc _01
200 6000 .| 200 <

T
<]._.

6400

Hinh 2: Chi tiét dam BTCT UST

mo phong theo tai liéu?. Trong dé, anh hudng clia
lyc UST dén tin s6 dao dong dugc xem xét thong qua
gid tri mo6 dun dan hoi tuong duong. Két hgp véi cac
dii liéu tii thyc nghiém, mé dun dan hoéi tuong duong
ctia ddm BTCT UST dugc xéc dinh nhu sau8:

Eeq=(1+7,89x 1074 N) E, (10)

trong do, E¢y 1a mo6 dun dan hoi tuong duong (MPa);
N 14 lyc UST trong ddm (kN); E. 1d mé6 dun dan héi
cua bé tong (MPa).

Két qua phan tich tdn s6 dao dong dugc thuc hién.
Nghién ctiu nay chon hai dang dao dong (mode) uén
dau tién dé€ khao sat. Hinh dang dao dong dugc thé
hién tai Hinh 4. Ngoai ra, d¢ tin cdy ctia m6 hinh

PTHH dugc kiém chiing véi tin s6 thyc nghiém?, chi
tiét dugc trinh bay tai Bang 3. Trong thuc nghiém,
ddm BTCT UST nay dugc tién hanh thi nghiém trong
phong véi sy kiém soat chit ché vé d6 &m va nhiét
d0; céc yéu t6 nay dugc gitt gan nhu khong déi dinh
trong sudt thi nghiém (nhiét d6 chi dao dong trong
bién d6 rit nho tii 20,4°C dn 21,5°C)>. Do vay, cic
yéu t6 moi trudng xem nhu khong gay ra anh hudng
dén tin s6 dao dong ctia ddm BTCT UST.

Két qua mo phong cho thdy gid tri tAn s6 dao dong
clia ddm tang khi lyc UST trong d4m ting. Quan hé
nay hoan toan pht hgp véi két qua ghi nhén ti thuc
nghiém? va céc nghién ctiu khac®'0. Sai léch vé tin
s6 dao dong gitta m6 phong va thuc nghiém nho hon
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(a) Phén tir bé téng

(b) Phén tir cdt thép va cap UST

Hinh 3: M6 hinh phan t& hiru han dam BTCT UST

5%; muc do chénh léch vé tin s6 dao dong gitia cac
cdp lyc UST la tuong duong nhau. Sy khic biét gitia
mo phong va thuic nghiém la do cdc nguyén nhan nhu
sau: m6 hinh PTHH chi dién ta dugc gan dung Gng xu
thuc té€ ctia ddm; sai s6 trong qua trinh thyc nghiém,
... Viéc stt dung tan s§ dao dong dé du dodn lyc UST
trong ddm BTCT UST khéng phu thudc qua nhiéu
vao muc do chinh xdc ctia két qua phén tich tdn s6
dao dong ma phu thudc chti yéu vao xu huéng va mtic
d6 bién dong gid tri tin s6 gitta cdc cdp lyc UST. Do
vay, két qua mo phong du tin cay d€ st dung cho viéc
dy doén lyc UST ctia ddm BTCT UST. Két qua phan
tich tAn s§ dao dong ctia ddm ting véi cdc cdp lyc UST
khéc nhau dugcliét ké trong Bang 4. Ngoai cic trudng
hop theo khio sat ctia® (PS0, PS1, PS2, PS3, PS4, PS5),
nghién ctiu nay thuc hién khao sat mé rong thém cac
truong hop PS6, PS7, PS8, PS9.

Du doan luc ting suat truéc sitdung mé hinh
hoc may

Tap di liéu tin s6 dao dong ting v6i 10 cép luc UST
(Bang 4) dugc st dung d€ thiét 1ap mo hinh hoc méy
cho viéc dy doén lyc UST trong ddm. Véi tap di lieu
c6 s6 lugng dii liéu khong nhiéu nhu trén, phuong
phép kiém thtt chéo Leave One Out Cross-Validation
(LOOCYV) dugc thuc thi d€ danh gia tinh day du va do
chinh x4c ctia md hinh hoc may; cu thé, tap dii liéu sé
dudgc chia thanh 2 tép con 1a tip huén luyén va kiém
thit (tdp CV gom cac truong hop ti PSO dén PS5) va
tap kiém tra (tp Test gébm cdc trudng hop tii PS6 dén

(a) Mode 1: dang dao déng udn thir nhat

(b) Mode 2: dang dao déng udn thir hai

Hinh 4: Hai dang dao déng uén ctia dam BTCT UST

PS9). Chi tiét cac tap dit liéu (hudn luyén va kiém thir)
dugc liét ké tai Bang 5.

Két qua huén luyén va kiém thi cua tiing tap CV con
dugc trinh bay chi tiét tai Bang 6. Két qua du doan
lyc UST trén tap kiém tht c6 do chinh x4c cao, sai
1éch 16n nhét chi 0,23%. Cac mo6 hinh cho hiéu qué
duy dodn cao véi chi s6 RMSE trung binh 16n nhét chi
1a 0,14 kN cho mode 1 va 0,06 kN cho mode 2. Két
qua trén cho thdy mo hinh dy dodn hoat dong rat hiéu
qua trén tap kiém thi. Ngoai ra, qud trinh danh gid
trén tap kiém thi cho thdy khi st dung két hgp tin s6
ctia 2 mode khong giup cai thién mutc d6 chinh xac
ctia két qua du dodn so véi khi sti dung riéng 1€ tan s&
dao dong ctia tiing mode. Tiép d6, tit ca dii liéu trong
tap CV dugc st dung d€ tao ra mo hinh hoan chinh
dung cho viéc dy doén Iyc UST cho ddm. Hiéu qua
du doan ctia m6 hinh hoc méay dé xudt nay dugc tinh
béng trung binh cdng chi s6 RMSE ctia 6 tap CV. M6
hinh dé xuit dugc thé hién qua biéu d6 quan hé luc
UST va tin s6 dao dong tai Hinh 5.

M0 hinh hoc méy héi quy da thiic hoan chinh dugc
thuc thi d€ dy dodn luc UST cho tap dit liéu kiém tra
(tap Test), chi tiét két qua dugc trinh bay tai Bang 7.
Dai véi truong hop st dung két hop di liéu tan so
dao dong ctia ca 2 mode, do chinh xdc ctia két qua du
dodn cho thdy khong c6 su cai thién r6 rét so véi khi
stt dung riéng Ié tling mode. Trudng hgp st dung gia
tri t4n s6 trung binh cho két qua dy dodn 6 sai léch
nho nhét khi danh gid trén tap di liéu kiém tra. Nhu
vy, m6 hinh dé xudt c6 kha ning dy dodn luc UST
v6i do chinh xdc cao, sai léch 16n nhat nho hon 1%.
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Bang 3: So sanh tan sé dao dong (Hz)

Truong Lic UST Model Mode 2
hop (kN)
Thuc Mo phong Sai  léch  Thuc Mo phong Sai léch (%)
nghiém (%) nghiém
PSO 0,0 22,730 23,863 4,99 98,420 100,794 2,41
PS1 39,2 23,080 24,194 4,83 98,730 102,249 3,56
PS2 58,8 23,230 24,357 4,85 101,390 102,967 1,56
PS3 78,4 23,390 24,519 4,83 101,650 103,680 2,00
PS4 98,0 23,600 24,680 4,58 101,700 104,389 2,64
PS5 117,6 23,720 24,841 4,73 102,540 105,094 2,49
Bang 4: K&t qua tan sé dao dong khi luc UST thay déi

Trudng hop Luc UST (kN) Tan s§ dao dong (Hz)

Mode 1 Mode 2
PSO 0,0 23,863 100,794
PS1 39,2 24,194 102,249
PS2 58,8 24,357 102,967
PS3 78,4 24,519 103,680
PS4 98,0 24,680 104,389
PS5 117,6 24,841 105,094
PS6 10,0 23,948 101,167
PS7 50,0 24,284 102,644
PS8 100,0 24,697 104,462
PS9 130,0 24,941 105,536

Bang 5: Chi tiét tap dit liéu huan luyén va tap dit liéu kiém thi (tap CV)
Lan lap Luc UST Fold 1 Fold 2 Fold 3 Fold 4 Fold 5 Fold 6
kiém tha  (PS0) (PS1) (PS2) (PS3) (PS4) (PS5)
(kN)

1 0,00 KT HL HL HL HL HL
2 39,20 HL KT HL HL HL HL
3 58,80 HL HL KT HL HL HL
4 78,40 HL HL HL KT HL HL
5 98,00 HL HL HL HL KT HL
6 117,60 HL HL HL HL HL KT
Mo hinh hoan chinh HL HL HL HL HL HL
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(b) Mode 2

Hinh 5: Budng xap xi thé hién quan hé gitta luc UST
va tan s6 dao déng

KET LUAN

Trong bai bdo nay, mét mé hinh hoc mdy hoi quy
da thitc, c6 kha nang dy dodn chinh x4c lyc UST
trong ddm BTCT UST tu t4n s6 dao dong ctia ddm da
dugc phat trién thanh cong. M6 hinh PTHH ctia ddm
BTCT UST c6 d¢ tin cdy cao khi so sanh véi két qua
thuc nghiém. Tl d6, m6 hinh hoc may dugc dé xuat
st dung thuét toan hoi quy da thic don gidan nhung
cho hiéu qua cao trong viéc dy dodn luc UST. Gia tri
lyc UST dugc dy dodn tit tin s6 dao dong clia ddm c6
d6 chinh xdc rét cao; sai léch thdp hon 1%. M6 hinh
dé xudt nay cho két qua du doan chinh xdc trén ca tap
kiém tht (tap CV) va tap kiém tra (tap Test). Két qua
danh gid trén ca tip kiém thit va tap kiém tra cho théy,
so v6i khi dung tling mode riéng 18, viéc dung két hgp
tan s6 cta cd 2 mode cai thién khong nhiéu d¢ chinh
xdc ctia két qua du dodn.
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Prediction of prestress-force in prestressed concrete beams using
natural frequency and machine learning

Manh-Hung Tran'2, Quoc-Tien Tran'2, Tran-Minh-Quan Nguyen'2, Ngoc-Tuan-Hung Bui'?,
Hoang-Khanh Le'2, Hong-Huan Chiem'2, Chi-Khai Nguyen'-2, Khanh-Hoang Vu'-2, Tuan Minh Ha3,
Duc-Duy Ho'%*

ABSTRACT

Civil infrastructure plays an important role in our life and the development of our country. How-
ever, it is affected by many different factors during the operation and degraded after a long time
of use. In order to ensure safe operation, the field of structural health monitoring (SHM) has been
developed. In recent years, the explosion of artificial intelligence (Al) has contributed to all aspects
of social life including the field of SHM. In the civil engineering field, prestressed concrete structures
have been widely applied to many projects (i.e,, bridges, tall buildings, ..). The common damages
on prestressed concrete structures lead to the loss of prestress-force. This paper proposes a method
to predict the prestress-force in prestressed concrete beams using natural frequency and machine
learning. First, the natural frequencies of a prestressed concrete beam are achieved by a finite el-
ement model. The finite element model's reliability is verified by the experimental results. Then,
a machine learning model named polynomial regression algorithm is developed to predict the
prestress-force in the beam using natural frequency. The proposed method is highly accurate in
predicting the prestress-force for prestressed concrete beams. In addition, this study also examines
and assesses the effect of combining natural frequencies of multi-mode to predict the prestress-
force.

Key words: prestress-force, prestressed concrete beam, natural frequency, machine learning,
polynomial regression algorithm
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